Apples represent one of the most important elements in the human diet. The research carried out involved three apple varieties (Starkimson, Ionathan and Golden Delicious) harvested during development, which were analyzed in terms of physico-chemical profile. During fruit development, diameter and mass increased continuously for all the three apple varieties studied, acidity decreased and total soluble solids content increased significantly. The pH values of the apple pulp also increased confirming the results obtained for the acidity. The starch concentration was reduced in the early stages of fruit development in all three varieties of apple studied. Starch concentration significantly increased (p <0.05) starting 35 days after full bloom, similar for all three varieties studied. The peak of starch concentration for all three varieties under study was reached at 65 days after full bloom. Starch concentration gradually decreased starting 107 days after full bloom until technological maturity. The results provide important information on how to make the best use of the apple cultivars investigated, and not only, for both technological research and processing practice. Also, they determine the best time to use the apples from physiological falls in different foods and pharmaceuticals.
INTRODUCTION
Apple belongs to the Rosaceae family, Maloideae subfamily (Pomoideae), Malus genus, which includes numerous species, different classifications being made by various authors, causing controversy regarding the exact number of apple varieties (Lehel, 2010) .
Due it is high content of biologically active compounds, apples represent a very important element in the human diet (Jihong et al., 2007) . The quantity produced worldwide confirms that they are some of the most popular fruits. As of 2011, in terms production, apple ranks second worldwide (production of 2011 ~ 75 million tons), being over ranked only by bananas (~ 107 million tons).
According to FAO (2013) , in the last five years (2007-2011) apple production is growing both at European and global scale. As of 2011, in terms of apple production in the European Union, Romania ranked 6 with a production of 620 thousand tons, close to Germany and Spain.
Fruit development represents a quantitative accumulation process leading an increase in fruit mass and volume, while maturation is an accumulation process of qualitative characteristics that determine the quality: taste, aroma, color and firmness (Burzo et al., 1999) .
The aim of the study is to determine the physicochemical profile (size, weight, acidity, pH, total soluble, moisture, starch) during fruit development of three apple varieties: Ionathan, Starkrimson and Golden Delicious. The results could determine the best time to use the apples from physiological falls in different foods and pharmaceuticals.
MATERIALS AND METHODS

Plant materials
Apples of each studied cultivar (Starkrimson, Ionathan, Golden Delicious) were harvested from the same tree from an orchard of Reghin region -Romania, at 7th, 15th, 35th, 65th, 107th, 144th days after full bloom.
Mass and diameter determination
The mass of the samples was determined using a Shimadzu analytical balance. The diameter of the samples was measured using calipers.
Moisture Determination Humidity content was determined by drying in an oven at 103 o C ± 2 o C for 3 hours, the experiment being repeated until the weight was constant. The samples were cooled in a desiccator for one hour and weighed (AOAC, 1999) .
Soluble Solids DeterminationRefractometry The protocol used was based on the standardized method (ISO 2173 (ISO :2003 . Apple pulp was shredded with a Philips HR1614/00 650 W vertical blender and passed through a gauze. Samples were analyzed using a Carl Zeiss refractometer. The measured refractive index is related to the amount of soluble solids (expressed as the concentration of sucrose) using the conversion table or by direct reading on the scale of the refractometer (ISO 2173 (ISO : 2003 .
Titratable Acidity Determination Extractions were made according to the international standard (ISO 750:1998), with some modifications.
pH Determination This determination is based on the method proposed by Rosnah et al. (2012) with minor modifications. The pH was measured using a Hanna Instruments pH meter, prior calibrated to the pH 4.0 respectively pH 7.0, using buffer solutions.
Starch Determination by Ewers Polarimetric Method
The starch content of the apple pulp was determined using the Ewers polarimetric method (ISO 10520: 1997) with some modifications (Cerbu et al., 2011) .
Starch content A (% w/w ) reported on dry weight was calculated using the formula: 
RESULTS AND DISCUSSION
Physico-chemical profile of apple fruit was investigated at 7, 15, 35, 65, 107 and 144 days after full bloom as it is shown in Table 1 . During fruit development, diameter and mass increased continuously for all the three apple varieties studied. The trend was the same, both for the fruits harvested from inside the crown (IC) and for the ones harvested from crown periphery (CP) (Figure 1 A, (Bowen et al., 1997) as it will be further discussed on starch content section.
The pH values of the apple pulp increased from 3.12 to 3.66 for Ionathan variety, from 3.02 to 3.68 for Golden Delicious and from 3. The evolution of starch content during apple development Starch is a transitional form of carbohydrates in apple fruits, stored in chloroplasts or plastids in developing fruits (Ohmiya et al.,1990; Fan et al., 1995) .
As can be seen in Figure 2 , the starch was reduced in the early stages of fruit development for all three apple varieties studied. (2010) recorded that for Jonagold and Gala Must varieties the starch content in apple pulp was lower in the initial development phase of the fruit, but increases significantly 30 days after fertilization. Starch content reached a peak a few weeks before harvest, this value gradually decreasing thereafter.
Changes in starch content of apple fruits indicate that the breakdown of starch is controlled by several enzymes. β-amylase plays a very important role because it directly attacks the starch granule, which is subsequently hydrolysed releasing dextrin. The enzyme activity is low in fruits in the early stages of development, but increases with the development of the fruit reaching maximum one week before the fruit reach technological maturity. After that, starch granules become increasingly smaller, and eventually disappear (Kovacs and Eads, 1999). Starch degradation starts with the degradation of starch granule located inside the apple, where degradation occurs faster than the degradation of starch granules located under the skin of the fruit (Ohmiya and Kakiuchi 1990) .
Apple fruit position in the tree crown can play an important role on the starch concentration. For Ionathan variety, in the first two phenological phases of growth, no statistically significant differences are recorded between the starch content of apples harvested from IC and CP. At 35 and 65 days after full bloom, statistically significant differences (p <0.05) were recorded for starch content from apple fruits from CP reaching a high starch content compared to the apples from IC.
During fruit development, these differences are changing so that at 107 and 144 days after full bloom the starch content was higher in the fruits from IC compared to those from the CP.
Golden Delicious variety recorded statistically significant differences (p <0.05) starting 7 days after full bloom, when there was a higher amount of starch in fruits from CP. During fruit development, starch concentration fluctuations occur. At 65 days after full bloom, when the starch content reached the peak, the fruit from CP had a higher content than those from IC. Starch concentration was changing during fruit development so at 107 and 144 days after full bloom, the starch content was higher in fruits from IC compared to those from CP.
Starkrimson variety recorded statistically significant differences (p <0.05) starting 7 days after full bloom, when there was a higher amount of starch in fruits from IC than in fruits from CP. The difference remained constant until 15 days after full bloom. At 35 days after full bloom, fruits from CP recorded higher starch content than fruits from IC. The difference remained unchanged until the fruit reached technological maturity.
Comparing the three apple varieties according to the fruit crown position for each time separately, statistically significant differences (p <0.05) were recorded starting 7 days after full bloom ( Figure  2 ). Starch content oscillations occured during fruit development, a classification of species by starch dynamics being almost impossible. These oscillations primarily occured because of apple species, climatic conditions during the growing season and position of the fruit in the tree crown (Brookfield et al., 1997; Kovacs and Eads, 1999) . We conclude that at technological maturity, Starkrimson variety has the highest starch content, followed by Golden Delicious and then Ionathan, for fruits harvested both from from IC and CP (Figure 2 ).
This study helps to identify the moment when depending on the variety, the phenophases and fruit position in the crown, the apple fruits record the highest the highest starch content. The results lead to a higher valorization of fruit resulted from physiological falls.
Effect of harvesting time, variety and the crown position over the starch content
Three-factorial analysis of variance was performed to evaluate the influence of harvesting time, variety and fruit position in the crown over the starch content ( Table 2 ). The relative effect sizes of each main factor and their interactions over the starch content are shown in Figure 3 .
The main effects: time, variety and position explained 81.12%, 6.7%, 0.17% of the total variability of starch, indicating the great importance of the harvesting time. However the statistical analysis showed the relatively low influence of the variety (6.7% of variance explained) and the very low importance of the position (0.17% of variance explained). The most important interaction was the one between variety and harvesting time, recording 9.19% of the starch variability, while the remaining interactions gather together less than 2%. 
CONCLUSIONS
Acidity decreased during fruit development; for mature fruits the highest acidity value was recorded for the Ionathan variety followed by Golden Delicious and Starkrimson. Total soluble content, diameter and mass, increased during fruit development regardless of variety or position in the crown. For all the three varieties studied, the starch content was reduced in the early stage of fruit growth, reaching a peak at 65 days after full bloom and then decreasing gradually until apples technological maturity.
